Fruits and vegetables are among the most nutritious and healthy of foods, and are related to the prevention of many chronic diseases. The aim of the study was to examine the relationship between intake of different plant foods and cognitive performance in elderly individuals in a crosssectional study. Two thousand and thirty-one elderly subjects (aged 70-74 years; 55 % women) recruited from the general population in Western Norway underwent extensive cognitive testing and completed a comprehensive FFQ. The cognitive test battery covered several domains (Kendrick Object Learning Test, Trail Making Test -part A, modified versions of the Digit Symbol Test, Block Design, Mini-Mental State Examination and Controlled Oral Word Association Test). A validated and self-reported FFQ was used to assess habitual food intake. Subjects with intakes of . 10th percentile of fruits, vegetables, grain products and mushrooms performed significantly better in cognitive tests than those with very low or no intake. The associations were strongest between cognition and the combined intake of fruits and vegetables, with a marked dose-dependent relationship up to about 500 g/d. The dose-related increase of intakes of grain products and potatoes reached a plateau at about 100-150 g/d, levelling off or decreasing thereafter, whereas the associations were linear for mushrooms. For individual plant foods, the positive cognitive associations of carrots, cruciferous vegetables, citrus fruits and high-fibre bread were most pronounced. The only negative cognitive association was with increased intake of white bread. In the elderly, a diet rich in plant foods is associated with better performance in several cognitive abilities in a dose-dependent manner.
There is strong evidence for the importance of fruits and vegetables in our diet. The greater the quantity and assortment of fruits and vegetables consumed, the lower the occurrence of CVD and cancer (1 -6) , and probably also of chronic obstructive pulmonary disease, asthma and type 2 diabetes (7 -9) . Moreover, the vegetarian diet shows a strong association with longevity in humans (1, 10) .
Plant foods are extremely complex and in spite of extensive efforts to identify their composition, the exact structures of the majority of nutrient compounds are not precisely known. However, it is acknowledged that fruits and vegetables are rich in antioxidants and bioactive compounds that may reduce disease risk stemming from reactive oxygen species (11) and are also associated with cognitive benefits (12, 13) .
In addition, a diet high in plant foods may also act on cognition through cerebrovascular mechanisms (14) .
Based on animal models it has been suggested that fruit and vegetable supplements high in antioxidant activity may maximise neuronal and cognitive functioning in old age (13, 15) . Subjects with a greater intake of fruits and vegetables had better cognitive test scores (16 -20) , and in two large longitudinal studies, a high consumption of vegetables was associated with a slower rate of cognitive decline (12, 21) . Among Swedish twins, midlife consumption of fruits and vegetables in medium or great amounts compared with no or small consumption was associated with a reduced risk of dementia and Alzheimer's disease approximately 30 years later (22) . In the Whitehall II Study (20) , those consuming fruits and vegetables less than twice per d had a higher risk of poor executive function and memory, with a stronger association seen with consumption measured closest to the time of cognitive assessment over a period as long as 17 years earlier.
The aim of the present study was to examine the relationship of habitual intake, during the previous year, of increasing amounts of fruits, vegetables, potatoes, grain products, mushrooms and nuts to performance in several different cognitive tests. A subset of elderly subjects within the Hordaland Health Study (HUSK) afforded us the opportunity to examine these issues among more than 2000 older men and women. We aimed to examine if the intake of different plant foods showed a dose -response relationship to the cognitive test scores.
Methods

Study population
The HUSK was conducted from 1997 to 1999 as a collaborative effort between the University of Bergen, University of Oslo, local health services and the Norwegian Institute of Public Health. Details of the study and of recruitment to the cognitive sub-study are described elsewhere (23, 24) . Briefly, a total of 2841 subjects out of 3341 attendees in the HUSK born in 1925 -7 were invited to participate in cognitive tests; 2197 (77·3 %) of these agreed and constitute the cognitive sub-study. In the present report, we have confined the cross-sectional analysis to 2031 (71·5 %) individuals who also completed a FFQ.
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Regional Committee for Medical Research Ethics of Western Norway. Written informed consent was obtained from all subjects.
Data collection
Cognitive testing. This was performed at the study location by trained nurses after the standard cardiovascular examinations of the National Health Screening Service (25) were completed. The cognitive test battery included six tests (26) : the Kendrick Object Learning Test (KOLT, episodic memory) (27) ; the Trail Making Test, part A (TMT-A, executive function) (28) ; a modified version of the Digit Symbol Test (m-DST, perceptual speed and executive function) (29) ; the short form of Block Design (m-BD, visuo-spatial skills) (29) ; a modified version of the Mini-Mental State Examination (m-MMSE, global cognition) (30) ; and an abridged version of the Controlled Oral Word Association Test, also called 'S-task' (access to semantic memory) (31) . For all cognitive tests the higher scores indicate better performance, except TMT-A where the speed of fulfilment is important, i.e. the shorter time used, the better the results (the test score is equal to time in seconds that was used to complete the test).
Dietary habits. To asses habitual food consumption, a comprehensive FFQ created at the Department of Nutrition, University of Oslo was handed out on the day of examination, filled out later at home by the participants and then mailed to the HUSK Project Centre in Bergen. The FFQ has been validated in previous studies (32, 33) . The questionnaire included 169 food items that were grouped according to Norwegian meal patterns. It was designed to obtain information on usual food intake during the previous year. The frequency of consumption was given per d, week or month. The portion sizes were given as household measures or units, such as slices, pieces, florets, strips, bunches and handfuls.
Dichotomous variables were created considering individuals who reported use of each particular item, whereas subjects reporting no consumption of the actual product were considered non-users. The amount of each item in g/d or ml/d and total energy intake in kJ/d, as well as total intake of macronutrients and some subgroups of macronutrients in g/d were calculated by using a food database and software system developed at the Department of Nutrition, University of Oslo (KOSTBEREGNINGS-SYSTEM, version 3.2; University of Oslo, Oslo, Norway).
Covariates. The FFQ also included questions about dietary supplement intake, in which the product names of the most used supplements in Norway were considered. Use of dietary supplements was considered as 'seasonal use' (during the whole year or only winter half of the year). Intake of vitamin supplements such as multivitamins, folic acid, and vitamins B, C, D and E were all significantly correlated with cognitive test scores and with different intakes of various fruits and vegetables (data not shown). Thus, in our present paper, the use of all these vitamin supplements was combined into one variable.
Self-reported information on diabetes and history of myocardial infarction, angina pectoris, stroke, and hypertension was recorded in 1997-9, and in 1992 -3, in addition, history of thrombosis and phlebitis was recorded. On the basis of the information from both surveys, the subjects were categorised as with or without a history of CVD (including the diseases and conditions mentioned above). About four-fifths (79 %) of self-reported CVD cases were validated with hospitalisation records used in our earlier study (34) , whereas the remaining 21 % of CVD cases were presumably less severe and did not require hospitalisation or occurred before 1992.
Non-fasting EDTA blood samples were collected for determination of total homocysteine (tHcy) and folate. Plasma tHcy was determined using a fully automated HPLC assay (35) and concentrations of folate were measured by Lactobacillus casei microbiological assay (36) .
Educational level was self-reported and recorded in five categories: (1) primary school (# 9 years of education); (2) vocational secondary school (10 -12 years of education); (3) theoretical secondary school (10-12 years of education); (4) college or university # 4 years; and (5) university of $ 4 years. Smoking was considered in three categories: non-smokers; ex-smokers; and current smokers (including daily smoking of cigarettes, cigars, cigarillos or pipe).
Depression was assessed by using the Hospital Anxiety and Depression Scale (37) -a self-administered questionnaire consisting of fourteen items: seven for anxiety (HADS-A subscale) and seven for depression (HADS-D subscale). The HADS-A and HADS-D are intercorrelated, most often in the range of 0·50 to 0·60 (38) . Hence, to identify a more homogeneous group with depression, restrictions were put on the other subscale when cases were defined. Thus, depression was defined as a HADS-D score of 8 or more restricted to a HADS-A score less than 8.
Statistical analysis
Because the numbers of participants reporting no intake of any type of fruits or vegetables, potatoes and grain products were very small, the cut-off points for low intakes of these groups were set at the 10th percentile. Preliminary analyses showed that cognitive test scores and intake of various plant foods were significantly associated with one or more of the following variables: sex; education; vitamin supplement use (multivitamins, folic acid, vitamins B, C, D or E); smoking status; history of CVD; diabetes; intakes of dairy products, meat, fish, total fat and protein (data not shown). Thus, the final fully adjusted models, used throughout the present paper, were controlled for all these variables. Due to potential over-adjustment we have selected both a simple (sex-adjusted) model and a fully adjusted model in the tables presenting mean intakes and linear associations. Given the narrow age range, adjustment for age did not change the results and has not been included.
Estimated mean values of cognitive scores by intake of different plant foods adjusted for sex and also P values adjusted according to our final model of cofactors were obtained from the univariate ANOVA. Multiple linear regression analyses adjusted for the same variables were used to examine the relationship between cognitive test scores and dietary intake of individual plant food items. Gaussian generalised additive regression models, as implemented in S-PLUS 6.2 for Windows (Insightful Corp., Seattle, WA, USA), were used to generate graphic representations of the dose-response relationships, using a sex-adjusted model. On the vertical axis, the model generates a reference value of zero that approximately corresponds to the value of cognitive test score associated with the mean of the average intake of fruits or vegetables in g/d for all subjects. Multiple linear regression analyses were used to examine significant associations between the cognitive test scores and average of plant foods intake using both a sex-adjusted model and a model adjusted for the variables referred to in the final model. Except for generalised additive models, all statistical analyses were performed using the Statistical Package for the Social Sciences version 12.0 for Windows (SPSS, Inc., Chicago, IL, USA). P, 0·05 was considered significant.
Results
Mean intakes of different plant foods among the 2031 participants and among users (those who at least once per month consumed a particular item) of each group are presented in Table 1 . Total intake of fruits and vegetables was more than 400 g/d, where fruit intake was about 240 g/d and intake of vegetables close to 190 g/d. Carrot was the most preferred vegetable with a daily intake of about 50 g; 91 % of participants consumed carrots. The intakes of different types of fruits were similar (both the daily intake and percentage of consumers), whereas less than half (46 %) reported intake of berries. Consumption of orange juice was more popular than other juices. The majority of participants reported consumption of potatoes (97 %), with a daily intake of about 130 g. Intake of grain products was 186 g/d, from which about three-quarters was intake of high-fibre bread (143 g/d).
About 25 % of the study population reported intake of mushrooms and only 16 % consumed nuts. Compared with other individuals participating in the HUSK but not in the cognitive sub-study, the participants in the latter study consumed significantly more fruits, vegetables, mushrooms and nuts than non-participants: mean intake of fruits was 235 (95 % CI 228, 242) v. 210 (95 % CI 201, 220) g/d (P,0·001); mean intake of vegetables was 186 (95 % CI 180, 192) v. 162 (95 % CI 154, 170) g/d (P,0·001); mean intake of mushrooms was 2·9 (95 % CI 2·5, 3·4) v. 1·8 (95 % CI 1·4, 2·2) g/d (P¼0·002); mean intake of nuts was 0·5 (95 % CI 0·4, 0·6) v. 0·3 (95 % CI 0·3, 0·4) g/d (P¼0·003). The differences in intakes of potatoes and grain products were only 2 g/d (P¼0·52) and 3 g/d (P¼0·25), respectively.
Men consumed more potatoes, grain products and nuts than women ( Table 2 ). Higher education (.9 years) was related to higher intake of all main groups of plant foods. Participants without CVD history consumed more vegetables than CVD patients and participants without diabetes ate more fruits and potatoes, and less grain products than diabetics. Smokers consumed less fruits than non-smokers and vitamin supplement users ate more fruits, vegetables and mushrooms than non-users. Participants with depression ate less fruits and vegetables than those without.
Mean intakes of total energy, macronutrients, some subgroups of macronutrients and main groups of non-plant foods by quartiles of main groups of plant foods are presented in Supplemental Table 1S (available online) 
The performance on all six cognitive tests was better among consumers of fruits, vegetables and mushrooms than among non-consumers (Table 3) . These associations remained significant for vegetables and for the combined group of fruits and vegetables (except m-BD), and for fruits (except TMT-A) after adjustment for sex, education, vitamin supplement use (multivitamins, folic acid, vitamins B, C, D or E), smoking status, history of CVD, diabetes, and intakes of dairy products, meat, fish, total fat and protein. For intakes of mushrooms and grain products, the associations with three or four cognitive tests remained significant after multivariable adjustment. The mean scores of all six cognitive tests (except TMT-A) were better among potato eaters as compared with non-eaters, but except for the m-MMSE, the associations were no longer significant in the multiple adjusted models. Nut consumption was associated with better test scores only in the sex-adjusted models for TMT-A, m-DST and S-task.
The performance on all cognitive tests improved with increasing intake of fruits and vegetables; the strongest association was up to about 500 g/d (Fig. 1) . The favourable association of vegetable intake alone reached a maximum at a dose of about 150-200 g/d. Similarly, increasing cognitive performance with increasing intakes of potatoes or grain products reached a plateau or started to decrease at about 100-150 g/d. The dose -response associations of fruits and mushrooms on cognitive performance tended to be linear. Linear regression analyses adjusted only for sex indicated that the dose -response associations with fruits and vegetables were significant for each of the cognitive tests, except for the association between fruits and TMT-A. In the fully adjusted models the relationships between combined fruits and vegetables and TMT-A and m-MMSE disappeared. When fruits and vegetables were analysed separately, associations between fruits and KOLT, m-BD and S-task, and between vegetables and TMT-A, m-DST, m-MMSE and S-task, remained significant after controlling for multiple covariates. Most of the associations related to mushroom intake were significant (TMT-A, m-BD, m-DST, and S-task) in sex-adjusted models and the last two also remained significant in the multiple adjusted models. Dose -response relationships between intake of potatoes and KOLT, m-BD and m-MMSE were also significant, but only the latter remained significant in multiple adjusted models. Intake of grain products was not significantly associated with cognitive test scores in the multiple adjusted models. The associations between intake of nuts and cognitive test performance were linear but not statistically significant (data not shown).
The majority of the consumers of different vegetables performed better in cognitive tests as compared with nonconsumers (see Supplemental Table 2S , available online). All differences in test scores related to carrot and rutabaga intakes remained significant after multiple adjustments. In addition, consumers of cruciferous vegetables (cabbage, cauliflower, broccoli and Brussels sprouts) performed better in several cognitive tests than non-users, whereas associations with intakes of other types of vegetables were not consistent in different cognitive tests. For intake of fruits, the citrus fruits had the strongest associations with mean test scores. Consumption of high-fibre bread was associated with better test scores in TMT-A, m-DST, m-BD and S-task, whereas most associations with other grain products lost their significance after multiple adjustments.
In simple linear associations (adjusted for sex only), intakes of carrot, lettuce, cucumber, tomato, and red bell pepper were positively related with all cognitive test scores ( Table 4 ). Intake of white bread was negatively and linearly associated with all of the cognitive tests, except S-task. Citrus fruits, other fresh fruits and the combined groups of cauliflower, broccoli and Brussels sprouts, and the combined group of flour, rice and pasta, were positively associated with five out of six cognitive tests, whereas intakes of apples and orange juice were positively associated with four out of six tests. The associations with other items were more random. Adjustment for multiple cofactors reduced the number of significant associations; the strongest relationships with cognitive test performance were with citrus fruits where four out of six tests remained significant (positively) and with white bread where three out of six remained significant (inversely).
After additional adjustment for total vegetable intake in the models concerning associations between total fruit intake and different cognitive tests, all associations remained statistically significant (except the association with TMT-A in Table 3 : P value changed to 0·07). Similarly, additional adjustment for total fruit intake in the models concerning associations between total vegetable intake and different cognitive tests did not affect the results (except the association with S-task in Fig. 1 : P value changed to 0·10). When associations between intakes of potatoes, grain products, mushrooms, nuts and different cognitive tests were additionally adjusted for total fruit and vegetable intake, the only association that lost its significance was between intake of mushrooms and S-task in Fig. 1 (P value changed to 0·15 ). Further adjustment for plasma concentrations of tHcy and folate in the models concerning associations between all main groups of plant foods and cognitive test performance did not affect the significant results, except for the association between vegetables and m-MMSE in Fig. 1 (P value changed to 0·06).
About three-quarters of significant associations in Supplemental Table 2S (forty-four out of fifty-eight) remained significant after additional adjustment for total intake of fruits and vegetables, and plasma concentrations of tHcy and folate. In Table 4 , one-third of the significant associations remained after further adjustment for total intake of fruits and vegetables, and plasma tHcy and folate.
Although depression was significantly correlated with cognitive test performance and with intake of fruit and vegetables, inclusion of depression score as a covariate in statistical models weakened the associations only marginally, i.e. all strong associations (P,0·01) remained significant (data not shown). 
Discussion
In a population-based study of elderly individuals, we have shown that habitual intake of several types of plant food is associated with better performance in several cognitive domains. The associations were dose-dependent and applied to most cognitive tests used in the study.
Consistent with the present study, associations between greater intake of fruits and vegetables and better cognitive performance have been observed in cross-sectional studies (16, 18, 19) . In longitudinal studies, higher intake of vegetables has been reported to be inversely associated with cognitive decline, whereas there has been no significant
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Estimated difference in cognitive test score ; linear regression analyses after additional adjustment for sex, education, vitamin supplement use (multivitamins, folic acid, vitamins B, C, D or E), smoking status, history of CVD, diabetes, intakes of dairy products, meat, fish, total fat and protein. † P,0·05; linear regression analyses after further adjustment for total intake of fruit and vegetables, and plasma concentrations of total homocysteine and folate. association between intake of fruits and cognitive decline (12, 21) . In the present study, the associations between intake of fruits and vegetables and cognitive performance differed according to the cognitive domain. Total vegetable consumption had the strongest associations with executive function, perceptual speed, global cognition and semantic memory (TMT-A, m-DST, m-MMSE and S-task). Vegetable consumers compared with non-consumers also had better test scores (without a dose-response association) for episodic memory (KOLT). In contrast, total fruit intake had the most consistent associations with visuo-spatial skills and episodic and semantic memory (m-BD, KOLT and S-task), whereas there was no significant dose-response association (only better test scores) related to executive function, perceptual speed and global cognition (TMT-A, m-DST and m-MMSE). The findings that intake of fruits and vegetables do not always give the same results and are related with different cognitive domains could suggest that the underlying mechanisms may be different. Moreover, additional adjustment for total vegetable or fruit intake in the models where fruits and vegetables were studied separately hardly affected the results in our present study, indicating independent associations of fruits and vegetables on cognitive performance.
In the Chicago Health and Aging Project (21) , an inverse association between cognitive decline and intake of all types of vegetables (except legumes) was reported. In the Nurses' Health Study (12) , greater intake of cruciferous vegetables and green leafy vegetables was associated with better cognitive performance or less cognitive decline. Consistently, carrot and cruciferous vegetables (rutabaga, cabbage, cauliflower, broccoli and Brussels sprouts) were most frequently associated with better scores in different cognitive tests in our present study. The associations with intake of lettuce were less consistent and legumes were significantly associated only with episodic memory (KOLT). In contrast to animal studies, where dietary supplements with spinach extract have been reported to reduce some neurological deficits in aged animal models (13) , we found that intake of spinach and green cabbage in combination was significantly associated only with perceptual speed and executive function (m-DST). Also, intake of onion was weakly associated with cognitive performance; the only significant result was related to better episodic memory (KOLT) score among consumers compared with non-consumers. Intake of tomato, cucumber and red bell pepper was often associated with different cognitive tests and the latter two had the highest linear regression coefficients. In general, we found that several types of vegetable were most frequently associated with episodic memory, executive function and perceptual speed (KOLT, TMT-A and m-DST), and the latter two tests showed the most consistent associations, i.e. both with regard to better test scores and linear associations.
Supplementing a rat's diet with berries has been shown to slow and in some cases even reverse brain dysfunction, motor performance, learning and memory in old animals (13) . The only significant association we observed for berries was with executive function (TMT-A). Among fruits, citrus fruits had the strongest positive association with most cognitive abilities in the present study, whereas apples, other fresh fruits and orange juice exhibited less consistent associations.
Intakes of dietary cereals and grains have been reported to be inversely related to Alzheimer's disease and cognitive impairment (18, 39) . Regular consumers of breakfast cereals performed better on memory tests (40) , and intake of bread and cereal at least weekly was related to more than 60 % reduced risk on cognitive impairment (41) . In contrast, the relationships between grain products and cognitive performance were rather weak in our present study, as total intake of grain products was only associated with better test results for episodic memory, executive function and global cognition (KOLT, TMT-A and m-MMSE). The weak association may be explained by the fact that the intake of whole-grain products was not specified in most of the categories in the present study. However, we found that consumption of high-fibre bread was associated with better test scores in most cognitive tests, whereas increasing intake of white bread was linearly associated with poorer test scores for episodic memory, perceptual speed, executive function, visuo-spatial skills and global cognition (KOLT, m-DST, m-BD and m-MMSE). White bread consumption has been associated with an unhealthy lifestyle (42, 43) and poor diet quality (44) . In addition, whole-grain bread intake has been reported to reduce cardiovascular and cancer death rates among middle-aged Norwegians (42) , and among middle-aged Bedouin Arabs white bread intake, as compared with whole-wheat bread intake, was associated with about 10-fold risk of having one or more chronic conditions, such as hypercholesterolaemia, hypertension, type 2 diabetes and chronic heart disease (44) . Because there is no mandatory folic acid fortification of foods in Norway, this may explain the weaker associations of cereals in the present study than in studies performed in the USA (39, 41) .
The amount of potatoes consumed (about 130 g/d) showed a significant association with cognition in the present study. Despite a high consumption of potatoes in the human diet and its content of high-quality proteins, mineral salts and vitamins, the association of potatoes with cognition appears not to have been reported before. In the present study, we found that intake of potatoes was associated with a significantly better mean test score and a dose -response relationship related to global cognition (m-MMSE).
Although only about one-quarter of the present study population reported consumption of mushrooms, we found that this was strongly positively associated with perceptual speed, executive function and semantic memory (m-DST and S-task) and there were also better test scores related to episodic memory and executive function (KOLT and TMT-A) among mushroom eaters as compared with non-eaters. Recently, in a double-blind placebo-controlled trial, intake of tablets containing 96 % of mushrooms (Hericium erinaceus) was effective in improving mild cognitive impairment reversibly (45) .
Frequent intake of nuts has been reported to reduce risk for CVD (46, 47) and in a population-based Greek study intake of fruits and nuts was inversely related to total mortality (48) . Because nuts and seeds are the important dietary sources of vitamin E, their use may also improve cognitive performance. In our present study nut users had better test scores than non-users, but the associations did not reach the level of statistical significance.
Most of the significant associations in our present study remained significant after additional adjustment for total intake of fruits and vegetables, suggesting that these associations are strong and independent. As moderately elevated concentrations of tHcy and/or low-normal blood concentrations or intakes of certain B vitamins (folate, vitamin B 6 , and vitamin B 12 ) are associated with an increased risk of brain atrophy and developing cognitive impairment and dementia in the elderly (49) , we further adjusted the present results for plasma concentrations of tHcy and folate. The majority of the associations remained significant after this adjustment, indicating that the remaining effect is probably due to factors unrelated to folate.
We can only speculate about the possible biological basis of our findings, as the associations are based only on the results from the FFQ and quantitative estimates of various nutrients were not considered. Moreover, plant foods contain a variety of substances, many of which individually or synergistically might account for the apparent protective effect on cognition. Antioxidants are one candidate (19, 50) , and we have already shown that in this population intakes of foods rich in flavonoids (in particular tea, wine and chocolate) are related to better cognitive test scores (51) . Another candidate is dietary folate, which has been related to homocysteine in cognitive decline during ageing (49) . Our previous report showed that the consumption of fruit and vegetables in this population is associated with an increase in plasma folate concentrations (52) . It is likely that other factors present in plant foods, in addition to antioxidants and folate, may play a role in brain health, as well as non-plant food, such as fish (26) . Moreover, lifestyle variables tend to cluster and increased intake of fruits and vegetables is generally associated with a healthy diet and lifestyle and higher education, which in turn are associated with better cognitive health (53) . But as an elderly individual's diet is shaped by a lifelong set of preferences, and may be more consistent as an individual ages than other health behaviours (14) , the diet may play a major role in health in old age. On the other hand, cognitive impairment in the elderly itself may be an important factor for dietary changes. In addition to diet and lifestyle there are several other factors that influence cognitive health, such as vascular risk factors, depression, and familial and genetic factors (54) .
The strengths of the present study include a large population-based sample with six different cognitive tests and use of a validated FFQ (32, 33) . However, the present study also has several limitations. Because 77 % of the study attendees volunteered for cognitive testing, the possibility of recruitment bias should be considered. Some differences between those who underwent and those who did not undergo cognitive testing have been reported in our present study and earlier (55) .
Cognition in the elderly is shaped by long-term exposures (56, 57) . Thus, a major limitation of the present study is the cross-sectional design, although the questionnaire focused on food intake during the previous year. Furthermore, subjects with impaired cognition may have altered their diet as a consequence of a change in their cognitive status. In addition, self-reported dietary data collected from subjects who are cognitively impaired or demented may be less reliable. However, because the participants in our present study were not seriously impaired (231 out of 1992 participants who completed all cognitive tests performed poorly in two or more tests, including four individuals who performed poorly in all six tests, nine in five tests, thirty in four tests, sixty-five in three tests and 123 in two tests), we do not believe that this has a major impact on our findings. Last but not least, foods are not consumed individually but as part of a diet and therefore potential residual confounding by other food items is always an issue in studies using dietary assessments.
Conclusion
In a population-based study we have shown that intake of many plant foods is associated with better performance across several cognitive abilities and that the associations are dose-dependent. Thus, in addition to the impact of increasing intake of fruits and vegetables on prevention of CVD and cancer (6) , people may also benefit from increased fruit and vegetable intake in their cognitive health. Not all plant foods showed equally positive associations with cognitive performance, indicating that certain items (mainly carrots, cruciferous vegetables, citrus fruits and high-fibre bread) are the most valuable choices. However, a combination of fruits and vegetables had the strongest associations and highest linear regression coefficients in relation to cognitive function, suggesting that cumulative effects of multiple dietary components may be substantial.
